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Introduction
As the public expenditures for the Higher Education [HE] Sector have steadily risen in industrialized countries, evaluating its efficiency receives increased attention [Baskaran and Hessami (2012) ]. This is fueled by the fact that the dominant role of public fundings in many countries renders universities partially immune to the efficiency enhancing pressures of the market.
However, inefficiency can arise for different reasons and not all of them can be eliminated by the institutions themselves. The following analysis argues that heterogeneity and persistent inefficiency hinder universities to achieve full efficiency, when measured with the standard specification, at least in the short run. Heterogeneity thereby refers to permanent differences among institutions. The course of history has rendered universities heterogeneous in regard to their structures and surroundings. Hence, long term factors exist, which cannot be altered by the institutions and should therefore be ruled out from the efficiency term. While this argument recently gained popularity within the HE Sector, the distinction between residual and persistent efficiency is new to the evaluation. However the inclusion of persistent inefficiency allows a more accurate estimation because not all long term factors are fixed and can therefore be assigned to heterogeneity. The approach allows to distinguish between long term fixed factors (heterogeneity) and equally long term, but alterable persistent inefficiency. Thus, two types of efficiency are ascertainable, namely a varying short term (i.e. residual) and a stable long term (i.e. persistent). This additionally allows a more elaborate evaluation of policy implications because both components convey different types of information. While short term efficiency can be interpreted in the context of a chosen year, persistent inefficiency indicates operational problems at the institutional or state level. It is helpful in identifying whether there are groups of institutions suffering from predominantly long term (or short term) problems in spending or management strategies. Especially in Germany where education is a federal state responsibility, the varying state determined regulations could influence the efficiency of the universities lastingly to different extents. The separation of efficiency can be seen as a first step to uncover such influences. Distinguishing between influenceable short and long term efficiency, while controlling for exogenous, unchangeable factors, is thus essential to deduce appropriate policy recommendations.
The econometric opportunity to include both arguments has emerged just recently. Kumbhakar et al. (2014) were the first to separate short and long term efficiency, while controlling for heterogeneity. Hitherto, only Titus et al. (2016) have applied this approach to the HE Sector for the US, showing that cost inefficiency tends to be persistent rather than short term. However, focusing on a supplementary matter they do not perform a thorough analysis of the new specification. In addition, the employed dataset leaves room for improvement. Thus, an in-depth analysis of the new specification, including a comparison of the results to the most frequently used models, seems to be overdue. For the case of Germany, the present study shows how taking heterogeneity and persistent inefficiency into account affects the results of the standard efficiency evaluation of the HE Sector. The comparison indicates whether the new specification is advisable and policy conclusions are likely to vary by method of estimation. For this purpose, Germany provides an ideal testing ground to evaluate the efficiency of the HE Sector. Due to its distinct, unchanging and well recorded university structure, an exceptional broad and long dataset can be utilized.
The results confirm that the newly introduced specification improves the accuracy regarding the heterogeneity assumption and reveal that inefficiency tends to be long term and persistent in the German HE Sector. We additionally show that the tested models identify common sets of high and low performing institutions, but that the ranking of the remaining universities is likely to vary by method. When interpreting efficiency evaluations, policymakers should be additionally aware which method is applied and whether the specification is likely over-or underestimating efficiency.
A short literature review is given in the next section. This is followed by a look at the dataset and an exposition of the methods of analysis. A concluding section draws together the main findings and makes some suggestions for future research.
Literature Review
By now, the Stochastic Frontier Analysis [SFA] that originates from the study of Aigner et al. (1977) , can be seen as a standard approach to evaluate efficiency in a variety of research areas. While the first application for the HE Sector was conducted in the nineties by Johnes (1996) , focusing on the economies of scale and scope of British institutions, the method became popular for this sector only after the turn of the millennium. By now the parametric approach is applied to a broad range of countries 1 and is one of the standard methods to estimate efficiency of the HE Sector. Researchers have come to recognize the multi-product nature of HE Institutions. While initial studies were limited to cross-sectional data, the utilization of panel data sets soon became customary, starting with Flegg et al. (2004) . Nonetheless the considered period typically comprises only two to four years 2 . Many reformulations of the original statistical model have emerged and subsequently found their way into the evaluation of the HE Sector. Among them are extensions to include heterogeneity between institutions 3 . Since universities usually evolved in a historic context, the institutions feature different locations, teaching methods, fields and extend of research as well as governance structures. To account for these structural differences, the literature usually concentrates on universities only, leaving out polytechnics as well as all specialized and private institutions. Since the heterogeneity is still severe, some authors, e.g. Johnes et al. (2005) take an additional step by estimating cost functions specific to certain pre-specified subgroups of institutions. A similar creation of sample subgroups is realized using the latent class estimation, amongst others applied by Agasisti and Johnes (2015) . But, both approaches are not satisfactory due to the difficulty to define main attributes which are used for the categorization and the resulting blurry distinction between the types of institutions. The econometrical foundation to include structural differences directly into the regression was developed by Greene 
The case of German Universities
Due to its distinct and well recorded university structure, Germany is an ideal object to study the efficiency of the HE Sector. The historical development entails institutions in diverse locations, which in turn could be an obvious cause for heterogeneity effects. The federal sovereignty on the other side represents a strong argument for potential persistent inefficiency induced for example by state determined regulations. The literature on German universities is surprisingly sparse. Kempkes and Pohl (2010) , utilizing panel data and applying the SFA, showed that the German universities work at high level of efficiency. Subsequent studies confirmed this result and extended the analysis by taking heterogeneity into account. The finds of Johnes and Schwarzenberger (2011) suggest that heterogeneity in fixed costs and in research surroundings accounts for interinstitutional differences in cost structures. The most recent analysis by Olivares and Wetzel (2014) particularly focused on the economies of scale and scope of the institutions. Like the other studies mentioned, the authors do not separate efficiency into a short and long term. In order to asses both familiar and novel methods we follow the literature closely and choose the most frequently used setting 8 . We consider teaching and research as the primary activities [Abbott and Doucouliagos (2009) ]. These two outputs are evaluated with respect to the main input, the expenses of the institution. The first output variable teaching is represented by the total number of students 9 from bachelor and master courses (or equivalent) 10 , differentiated across the two subject groups science and non-science subjects 11
. The research output is measured by third-party funding ("Drittmittel"), divided along the same line. Novel to the estimation of HE Efficiency, this separation allows to control for possible differences in the research output between the subject groups. The approximation of research through third party funding is common in the literature. In fact, the amount of acquired third-party funding is one of the most important performance measures used by the German states. Alternatives like publications or citations are only rarely included in resource allocation mechanisms, since e.g. publication-based measures are highly retrospective [Broemel et al. (2010) ]. Moreover, one could argue that the funding provides a quality adjusted measure, since it reflects the market value of research [Johnes (1997) , Worthington (2001) ]. The dependent variable is the sum of annual personnel and other current expenditures of institutions, deducted by research grants. Wages, approximated by the total personnel expenditures divided by the number of occupied fulltime equivalents, are included as an input-price [Stevens (2005)] . Through the wage level, differences in the structure of staff across universities can be captured. While some universities might prefer to employ a higher density of expensive research personnel and 8 A comprehensive view of possible in-and output factors, with special regard to the German HE Sector, can be found in Warning (2005) . 9 Alternative to the amount of students the number of graduates can be used in the estimation. We follow the argumentation from Olivares and Wetzel (2014) and reason that students are the cost drivers and increase their human capital already before completing their degree. 10 Ph.D. Students are not implemented as an output variable to avoid bias from double counting. Within the German HE Sector the majority of Ph.D. students work as research associates and are hence considered in the wage rate. 11 General science contains mathematics, natural sciences, veterinary medicine, agricultural, forest and nutritional sciences and engineering. Non-Science subjects are courses related to art, economics, law, sport and culture.
a smaller number of less costly technical staff, other universities might have a more technical staff and less academic researchers. Since Kempkes and Pohl (2010) illustrated that there are significant differences between East and West German universities, a dummy for East German universities is additionally implemented. Costs as well as thirdparty funds and the number of students are normalized by the number of graduates, following Kempkes and Pohl (2010) 12 .
Employing similar variables as Titus et al. (2016) , the present dataset features a wider scope and contains more detailed information. Whereas Titus et al. (2016) look at selected master institutions within the US, the study at hand covers almost all German universities. This is possible through the clear distinction, permanence and well documentation of universities in Germany. The records moreover allow to exclude explicitly all medicine related factors. Titus et al. (2016) merely control for the existence of a medical degree program or an affiliated hospital. A general improvement is realized through the allocation of research funding to the two subject groups. The separation allows to control for different research structures between categories.
Descriptive statistics are reported in Table 1 . The values are similar to Kempkes and Pohl (2010) and Johnes and Schwarzenberger (2011) 12 Amongst other things, this allows to include the fact that HE Institutions experience strongly varying non-completion rates [Johnes (2014) ].
Methodology Review
Since it is predictable that different specifications will give different results, our objective is not to investigate all existing models. Instead, we evaluate the classic model by Battese and Coelli (1992) and compare it to the approaches by Greene (2005a) and Kumbhakar et al. (2014) 13 . Table 2 briefly summarizes the characteristics of these three models. Because of the use of the time-invariant dummy for East Germany, a randomeffects model is employed. Before discussing the empirical specifications, a short debate concerning the underlying function is necessary. Within the HE Literature a cost function is customarily used to estimate efficiency [Eagan and Titus (2016)] 14 . Derived from 13 Not all applied models are available within on statistical package, hence model by Greene (2005a) is carried out in LIMDEP while the others are executed in STATA. 14 Recently the (multi-) input/output distance functions are gaining popularity within the efficiency estimation [see for example Abbott and Doucouliagos (2009), Bolli et al. (2016) ]. In the present study we follow the argument from Kempkes and Pohl (2010) , who choose to estimate a cost function compared to a distance function, as the interpretation of the coefficients are more intuitive in the context of a cost function. microeconomic cost theory, the cost function is the mathematical representation of the relationship between the total costs of producing a given level of outputs from a specific set of inputs. In other words, a cost function is a boundary describing the lowest cost at which an institution can produce a set of outputs 15 . Since a sufficient dataset is at hand a scaled translog function is assumed for the present analysis, which allows the usage of variables with zero values 16 . A further benefit of the specification is the valuable information offered by the included cross-terms [Coelli et al. (2005) ]. This choice is in line with a variety of studies, including the earliest and most recent analysis of university costs by Koshal and Koshal (1999) , Stevens (2005) and Bolli et al. (2016) . The efficiency distribution is assumed to be half-normal 17 . Orientating at Christensen and Greene (1976) and Kumbhakar (1997) the translog cost function has the following form: The former accounts for statistical noise and follows a normal distribution. The latter 15 To verify the assumption for the present dataset, a skewness test on the OLS Residuals was conducted and found to be significant providing support for the cost frontier specification of the model. 16 The literature emphasized the difficulty of choosing a cost function and highlighted three that make sense in the general multiproduct context. Baumol et al. (1982) where the first to determine the requirements and propose the constant elasticity of substitution, the quadratic and the hybrid translog specification. The first of these is known to present some conceptual difficulties [Johnes (2004) , Titus et al. (2016) ]. The second, which is used by most studies implementing the aspect of heterogeneity, has the disadvantage of depending on numerous assumptions. The last is demanding both in terms of data and its highly non-linear specification, but has the advantage of having a sufficiently flexible form. 17 The efficiency could in principle follow any non-normal distribution, so that it can be separated out from the other residual term, but a common assumption is that it follows a half-normal distribution. For a comparison of the most frequently used distributions and their impact see Eagan and Titus (2016) .
represents the non-negative random error term, which is independently distributed from the term and captures efficiency.
The SFA is commonly based on two sequential steps. First, the estimates of the model parameters are obtained by maximization of a log-likelihood function. Second, university specific efficiency values are calculated. This is necessary because the first estimation allows the computation of the error term , but not of the individual efficiency values.
The most well-known strategy for disentangling this unobserved component, proposed by Battese and Coelli (1988) [BC], exploits the conditional distribution of given . The resulting BC term denotes efficiency. Ranging between 0 and 1, a higher value indicates higher efficiency. After this short introduction into the underlying function, the three empirical specifications are discussed in more detail. Model 1 thereby represents the standard efficiency evaluation which is used in the literature most frequently. Each of the following models introduces an additional aspect, as illustrated in Table 2 . While Model 2 takes account of heterogeneity among institutions, Model 3 controls for heterogeneity and allows to separate short and long term efficiency.
Model 1 -Time-Variant Efficiency
Extending the panel data approach from Pitt and Lee (1981) to accommodate the notion of efficiency improvement, Battese and Coelli (1992) proposed a time-varying SFA using Maximum Likelihood [ML] estimation 18 . In this model, efficiency is not fixed, instead it changes over time and also across institutions. The model is specified as:
The term denotes the normally distributed noise term and captures efficiency differences across observations. Inefficiency ( ) is composed of two distinct components, one is a stochastic individual component , which is constant over time. The other is a non-stochastic time varying component ( ), common for all institutions. Heterogeneity and persistency are not considered within the model. Therefore it can be seen as a lower boundary of efficiency, where all time-invariant effects are categorized as inefficiency. 18 A similar model was proposed by Kumbhakar (1990) . The specifications differ only in the specific form of the timevarying component, where the mentioned model has one more parameter. The estimation of both models showed that the extra parameter is not warranted and hence the Battese and Coelli (1992) model is selected (see Appendix A). This is confirmed by a Likelihood Ratio Test, which displays that the specification from Battese and Coelli (1992) is preferred to the Kumbhakar (1990) design.
Model 2 -Heterogeneity
Since the HE Sector usually evolved out of an historic context, the institutions are heterogeneous concerning their locations and structures. When evaluating the efficiency, one should account for these unchangeable institution specific effects. The econometric basis to include heterogeneity directly into the regression was developed by Greene (2005a):
The additional time-invariant component is individual specific and covers heterogeneity.
Compared to previous specifications, this model allows to disentangle time-varying efficiency from institution specific time-invariant, unobservable heterogeneity. For this reason, the specification is known as the "True Random Effects" [TRE] model. Although the model may appear to be the most appropriate, it can be argued that part of the timeinvariant unobserved heterogeneity does belong to efficiency and should be considered as such. The example of management illustrates the argument, it differs between the institutions and is commonly a long term factor. Therefore it would most likely be classified as heterogeneity in Model 2. But, as it is in fact adaptable in the long run, it should be included in the efficiency term. The model fails to distinguish between fixed and adjustable long term factors and therefore neglects persistent inefficiency. In a way, Model 1 and Model 2 constitute opposites. In the first model, all time-invariant effects are considered as inefficiency, whereas they are ruled out from the inefficiency component in the second model. While Model 1 is likely to produce a downward bias in efficiency, because institution specific effects are treated as inefficiency, Model 2 is likely to produce an upward bias, since the persistent inefficiency is compounded in heterogeneity. As Greene (2005a) points out, neither formulation is fully satisfactory.
Model 3 -Heterogeneity and Persistent Efficiency
To avoid the shortcomings of the positions above it is necessary to distinguish between influenceable short and long term efficiency, while controlling for exogenous, unchangeable factors. Kumbhakar et al. (2014) developed a model that allows to separate heterogeneity as well as residual and persistent efficiency. The model is specified as: 
The model can be estimated in three steps [see Kumbhakar et al. (2014) ]. In step 1 the standard random effect panel regression is used to estimate the coefficients as well as the predicted values and . In step 2, the prediction of is exploited to estimate the time-varying efficiency using the standard SFA. In step 3, following a similar procedure, is used to obtain estimates of the persistent efficiency. Lastly, the overall efficiency is acquired from the product of residual and persistent efficiency. While the strategy is complex and greatly dependent on the underlying distributional assumptions, its advantages lie in the improved accuracy regarding the time-invariant component and the additional information that can be gained.
Results
The comparison of the three models demonstrates how the results of the standard efficiency evaluation of the HE Sector change when taking heterogeneity and persistent inefficiency into account. The estimated cost equations are reported in Appendix B. In all three cases they have been calculated using a SFA in which efficiency is modelled as a half-normal residual. The implications of the cost function for economies of scale and scope in university production are not the main thrust of this study and are therefore not considered in any depth. 20 The mean efficiency values for each university can be found in Appendix C. persistent effects, show that universities operate moderately on the upper level of efficiency with estimates around 0.593 21 . This value is slightly lower than commonly observed within the literature of higher education using this approach. However, Johnes (2014) With an estimated overall efficiency of 0.730, the mean efficiency of Model 3 lies in between the other two values, as anticipated. The residual efficiency corresponds to the efficiency of Model 2, both in absolute terms and over time. This is to be expected since both values are cleared of all long term factors (institution specific effects and persistent inefficiency). Table 3 also illustrates that persistent efficiency is lower than residual efficiency. Hence, inefficiency is presumably not caused by something unexpected within each year, but rather by persistent factors, as management decisions or state regulations.
This outcome confirms the above mentioned results by Titus et al. (2016) . Figure 1 21 The value implies that universities could decrease their cost by around 66 % ( displays only a slight increase of the efficiency value of Model 3 over time. This increase is again smaller than for Model 1, indicating a diminishing heterogeneity among universities.
What can policymakers derive from the results so far? Evidently, both heterogeneity and persistent effects of the institutions should be incorporated in the efficiency evaluation.
If the standard model is used for the estimation, a downward bias in efficiency is observable and universities cannot attain full efficiency according to the approach -at least not in the short run. While it is crucial to consider heterogeneity, only the further distinction of fixed and adjustable long term factors delivers accurate results. The calculations also suggest that increasing efficiency requires a comprehensive change in the structural framework, that is a change in policy.
Subsequent to the short analysis of the absolute values and development of efficiency over time, a more thorough assessment of the results of all models is necessary to see if the comparison is appropriate. Therefore Figure 2 gives the kernel distribution of the Especially the efficiency values of universities which are neither particularly good nor bad must be interpreted carefully. The differences should be kept in mind, when utilizing the results for further policy implications. 
Conclusion
The present study demonstrated how the results of the standard efficiency evaluation of the HE Sector change when heterogeneity and persistent inefficiency are taken into account for the case of Germany. We show that the standard specification by Battese and Coelli (1992) produces low efficiency values because institution specific effects are treated as inefficiency. Controlling for heterogeneity, applying the model by Greene (2005a) , improves the accuracy but displays high efficiency values, since persistent inefficiency is compounded in heterogeneity. Distinguishing between short and long term efficiency while controlling for heterogeneity, using the analysis by Kumbhakar et al. (2014) , reveals values which are in between the afore mentioned boundaries. We expose that persistent efficiency is lower than residual efficiency. This indicates operational problems at the institutional or state level. An increase in the efficiency level could therefore only be generated through a comprehensive change in policy. Applying the novel specification is advisable. While it is crucial to consider heterogeneity, only the further distinction of fixed and adjustable long term factors delivers accurate results. The separation also permits more detailed We showed that the specification from Kumbhakar et al. (2014) 
